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 	 ¢ ¸jwpu {_~jwr]rTns~vlK¥ep]nIgu§pnsgudfpIl~m_KumuznIpuhg]pr]~mns]if\^,_ x _{nspBlv~sif_¯nIrtlvdf^ﬂjwi#rTnsg]~
gp±uvytulm\^,_h´Łg]d x _ﬂ_pK{nIg]if_^,_pBl-dop{ns^,r]~m_Kumuzdf]if_ x K{~mdol-rŁjw~-io_HuK¶BgjYlmdonIpu x _ﬂ¯jª¨edf_~v­£bBlmnsµI_KuK·
3_uvytulm\^,_ x ¹§¸}0_Kuzl x dkuv{~lvdkuq_pgtlmdoifdkuvjspIlg]p]_<^lm[]n x _ x i^,_pBlu
½
p]dku x _<jIu x _Ks~
{nsg]riﬀK_ﬁg]p]_^ﬂlv[]n x _ x _ ¿jss~jwp]I_­À-jwif_~mµBdfprŁnIg]~if_3lv~jwdolv_^,_KpIl x _i  nsrﬃ~jYlm_g]~ x _ {nspe¨I_K{lmdonIp
pnspt­ùiodfpHjwdf~v_I· ﬁnIgu x K{~vdf¨snIpu¾gpÅum{[^ﬂjifdfpKjs~vdkulvnwljwif_^,_pBl x dkuv{~v_l/j
½
p x _²{jwik{gio_K~ x _
«Èj! nIp¤{nIpuzdkuzlmjwpBlm_if_/I~mj x df_pBl x g]p]_«ÁnspŁ{lvdfnspp]_ifio_ x _<{n!"tl,iod_#©ikjr[Bytuvdf¶Bg]_ x gºr]~mns]if\^,_s·
¯nsgu&lv~jwdolvnspŁu¥jwifns~u¥ x _g]|²jsr]r]ifdf{KjYlvdfnspŁu x _{nspBlv~sif_,_pp]nIguhjsr]r]g]yBjwpBluzg]~ x _KujwifsnI~vdolv[]^,_Hu
x$ nIrtlvdf^,dfumjYlmdonIp«ÁnIp x Ku(uvg]~(if_{jsif{g]i x gqs~j x df_pBl-Æ
Ç
·(% x g{lmdonIp x _&ifjlv~jwdfpK_-jsgtlvnIg]~ x g]p<uznIiod x _&{yeifdop x ~vdk¶Bg]_-_p/~vnslmjwlvdfnspÄ¥
t· g]pﬂr]~mns]if\^,_ x d x _pBlvd
½
{KjYlvdfnsp x _{nsp x d®lmdonIpuEjwg]|ifdo^,dolv_Ku§_p¾js^$nIpBl&-rŁjw~vlvdf~ x _(ikj&{nsppjwdku­


































3nIpBlvdfpBgnsgu({nIuzl«Ágp{lmdonIp/I~mj x df_pBl·&·-·&·-·&·&·-·&·-·&··&·-·&·&·-·&·-·&·-·&·&··&· 





3nspYg]BjYlm_I~mj x df_pBl^,_lv[]n x ·-·&·-·&·&·-·&·-·&··&·-·&·&·-·&·-·&·-·&·&··&·
Ç








ËsÍ6N  ( Ë <OPB
ARQ
¡<E Ë  ËTSùÏ ¾ﬁE ËMU  'VPB Ë  Í
Q






















·  Z do^,_uv_^,d®­ x dkuv{~v_lv_
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· ` x _~mdo¨Yjwlvdf¨s_-{[]_K{µedfp]qÆO{jsuv_nw«.lv[]_uvg]#{yt{ifdop$Łjs{µBlv~js{µedfp]hr]~mnt{_ x g]~m_/·&·6`I`








































































































































































































s¸ r]~mnw_H{lvdfnsp/jwifnsp]ﬂj$sdf¨s_Kp¨I_K{lmns~ ·-·&·-·&·&·-·&·-·&··&·-·&·&·-·&·-·&·-·&·&··&· 
X













}nIdfuv_g]dfifio_ f.ionY¦ x ns^ﬂjsdop²·-·&·-·&·&··&·-·&·-·&·&·-·&·-·&··&·-·&·&·-·&·-·&·-·&·&··&·6`
Ç
 f.df~muzlﬁns~ x _K~ {nspe¨s_K~vI_p{_¯ns«lv[_
½





 Z~js{µedop${nIuzl«Ágp{lmdonIp x _K{~m_KjIuz_«Áns~ lm[]_&}nsdkuz_Kg]dfioif_´nY¦&··-·&·&·-·&·-·&·-·&·&··&·6`
=
ÇIÇ
f.df~muzljwp x uz_H{nsp x nI~ x _~¾uvg]T{yt{ifdop]Łjs{µBlv~js{µedfp]Iu$uv{[_^,_<s~j x df_pBl{[]_H{µedop]
¦(dolv[/lm[]_-lv[]_Kns~m_lmdf{KjwiÄuvionIrŁ_«Áns~ lm[]_&}nsdkuz_Kg]dfioif_´nY¦ ·-·&··&·-·&·&·-·&·-·&·-·&·&··&·6`I`
Ç
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 f.df~muzljsp x uv_K{nIp x ns~ x _~¿jwI~mjsp]s_­£À-jsio_K~vµedfpum{[]_^,_hjsr]r]ifdo_ x lvnlv[]_^,nY¨edfp](`
r~vn
½
io_­3À~j x df_pBl lv_Hul·-·&·-·&·&··&·-·&·-·&·&·-·&·-·&··&·-·&·&·-·&·-·&·-·&·&··&·
Z






f~v_H¶Bg]_p{y{nIpBlv~mnsi#rjw~jw^,_lv_~ x g~vdfp]$lv[]_&nIrtlvdf^,do¼HjYlmdonIpquzlv_Kru ·-·&·-·&·-·&·&··&· I













£plv[_ikjsuzl l¦3n x _H{j x _KuK¥Ilm[]_-peg]^hT_~(ns«.uzlvg x df_Ku({nsp{_~mp]dfp]hnIrtlvdf^ﬂjwiÄ{nIpBlv~mnsi#r]~mns]if_^ «ÁnI~3´Łg]d x
^,_H{[jwp]dk{u¾[jsu¶Igdf{µeify¤dfp{~m_KjIuz_ x · plm[]_<lm[]_nI~v_lvdk{jwirŁnIdopBlns«&¨Bdf_¦&¥ﬁuvdfsp]d
½
{jspBlj x ¨YjwpŁ{_Ku

















p]d®lm_ x doÉT_K~v_Kp{_hum{[]_K^$_Hu«Áns~(lm[]_&lmdo^,_ x dkum{~m_lvdf¼Kjwlvdfnsp/nw«.lv[]_¯jª¨edo_K~z­bBlmnsµs_Hu uzytuzlv_^q·3£p
lm[]dku.js~zlmdf{io_I¥Y¦3_r]~mnsrTnIuv_Olmn x dfum{~m_lmdo¼K_Olv[_pnsp]ifdop_Kjw~v­£j x ¨I_K{lmdonIp&nsrT_~jYlmns~dfpe¨snIio¨I_ x dfphlm[]_ ¯jª¨edo_K~z­
belvnsµI_Kuﬁuvytulm_^6guvdopﬂlv[]_${[jw~js{lv_K~vdkulmdf{^,_lm[]n x dfpIlm~vn x gŁ{_ x ey
=
>·Z []dfu¯^,_lv[n x dfu¯jsuv_ x nIp
lm[]_ {ns^,r]g]lmjYlmdonIpnw«T{[jw~js{lv_~mdkulmdf{rjwlv[u.dfphnI~ x _K~Älmnjsr]r]~mnª|edf^ﬂjYlm_Elv[]_^ﬂjYlm_~mdfjsislmdo^,_ x _~mdo¨Yjwlvdf¨s_s·
Z [_guv_nw«lv[dfujwifsnI~vdolv[]^	 .dfpBlv~mn x g{_HuﬁuznI^,_&lv_H{[]p]dk{jwi x d ﬂ{g]iolvdf_Ku¯j x]x ~m_Kumuz_ x dop<lm[]dkuﬁrjsrŁ_K~K·
pŁ{_¾lm[]_ x dfum{~m_lm_ifdop_Kjw~mdf¼_ x uzytuzlv_^ dku_Kuzlmjwiodkuz[_ x ¥Odolmu$uvnsifgtlvdfnsp¬_pBlv_K~muhlv[]_q{nI^,r]gtlmjwlvdfnspns«
{nIuzlO«Ág]p{lvdfnsp¾I~mj x df_pBlmuEdfpe¨snIio¨I_ x dop,lm[]_¯nIrtlvdf^,do¼HjYlmdonIpﬂionensrﬂ¦([df{[ﬂ^,dfp]do^,df¼_Hu3j&Ido¨I_pﬂnIt_K{lvdf¨s_s·












































































































∂tu +∇u · u− ν∆u +∇p = 0, Ω
div(u) = 0, Ω
u = g, Γc
u = 0, Γs
σ(u, p) · n = 0, Γout
u = u∞, Γin
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uzlmjsp x u«ÁnI~ lv[]_-´gd x uzlv~m_Kumulv_pŁuznI~dfpuvd x _
Ω
¥]¦(d®lm[
(∇u)ij = ∂jui = ui,j
·











·ﬁZ []dku{nIuzlﬁ«Ág]p{lvdfnsp^ﬂjªy~v_Kr]~v_Huz_KpBl¯j¾sdf¨s_Kpqnst_H{lvdf¨s_h~v_Kifjwlv_ x lmnuvrŁ_H{d
½
{


















£p/lm[]_&jwr]r]ifdk{jYlmdonIpuK¥t¦3_&uv[jwifi x _KjsiÄ¦(dolv[qrjw~vlvdk{gifjs~ {nIuzl «Ág]p{lmdonIpu(ns«lv[_-«ÁnsifionY¦(dfp]$lyerŁ_I¥










σ(u, p) · n d Γ
)
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

∂tz +∇u(g) · z +∇z · u(g)− ν∆z +∇q = 0, Ω
div(z) = 0, Ω
z = δg, Γc
z = 0, Γs
σ(z, q) · n = 0, Γout
z = 0, Γin
z(t = 0) = 0, Ω
È 	
Z [_ﬂiodfp]_Kjs~vdf¼_ x uvytulm_^ dkuj/«ÁnI~v¦ jw~ x dfp±lvdf^$_ﬂifdfp]_Kjs~j x ¨I_K{lmdonIpt­ x d®É#guvdonIpt­ù~v_Hjs{lmdonIpr]~mns]if_^q·¾ùl





r~vnI]io_K^ﬂu·ù«¦_-¦jspBllmn,d x _KpBlvdo«Áyﬂlv[]_-«Ágp{lmdonIpjwi5I~mj x do_KpBlK¥e¦3_-p]_K_ x lvn,_¨Yjsiogjwlv_lv[_&iodfp]_Kjs~vdf¼_ x
´ŁnY¦ «Áns~,_¨I_~my x do~m_K{lvdfnsp
δg ∈ Uc
·º3nIp{_K~vp]dfp]©lv[]_ x dkuv{~v_lvdf¼Kjwlvdfnspdkuvuvg]_I¥Elv[]dku,{jsp¤if_Kj x ¨s_K~vy
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−∂tϕ−∇ϕ · u(g) +∇
T u(g) · ϕ− ν∆ϕ +∇pi = 0, Ω
div(ϕ) = 0, Ω
ϕ = 0, Γc
ϕ = 0, Γs
σ(ϕ, pi) · n = u(g)− ud, Γout
ϕ = 0, Γin
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llv[dfu(uzlmjss_s¥euv_¨s_K~mjsiŁnIrtlvdf^,do¼HjYlmdonIpulm~mjwlv_Ksdf_Ku{jwpŁ_&{nspuvd x _~m_ x ¥B¦3_[jª¨I_{[]nenIuv_p¾lvn$dope¨s_Hulmd®­
BjYlm_&lv[]_hguz_nw«l¦n¾d®lm_~jYlmdo¨I_&nsrtlmdo^,df¼KjYlmdonIp<r]~mne{_ x g~v_Hu lv[jwl^ﬂjªy/p]__ x nsp]ify/lv[]_h{ns^,r]gtljYlmdonIp
ns«lm[]_{nBul «Ág]p{lvdfnspqs~j x do_KpIlﬁjwl _Hjs{[/^,dop]df^,do¼HjYlmdonIpquzlv_KrÄ·EZ []_
½
~ul(nIp]_&dfu ~m_«Á_K~v_ x jIulv[]_{nspt­
gsgjwlv_$s~j x df_pBljsioIns~md®lm[]^ doplv[]_,{nIpBlv_|el-nw«§pnsp]ifdop_Kjw~­(p]nspŁ{nspe¨I_|qnsrtlmdo^,df¼KjYlmdonIp©r]~mnsio_K^,u
jsp x dkuguvgjwifioyﬂuv__Kpjsuj
½
~muzl ns~ x _~nsrtlmdo^,df¼KjwlvdfnspjsioIns~md®lm[]^q·Z [_uv_K{nsp x nIp]_dfu~m_«Á_~m_ x jsu3lv[]_




















































(g0, v)H = H∗ < j




























n) ≤ j(un − ρwn), ∀ ρ ∈ R
Â±_uv_l












(gn+1, v)H = H∗ < j





















wn+1 = gn+1 + γnw
n
`Ł·ùlm_~jYlmdonIpifnensr±ÆE¦3_&uv_l
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Â±_ﬂ{nIpuzd x _K~lm[]_ﬂjwuzlv~js{l^,dfp]do^,df¼Kjwlvdfnsp±r]~vnI]if_^ ? 	·1f]nI~
(u, v) ∈ H × H
¥¦3_,{nIpuzd x _K~lm[]_
_Kio_K^,_pBl




(u⊗ v)(w) =< w, v >H u, ∀w ∈ H













(g0, v)H = H∗ < j

























n) ≤ j(un + ρdn), ∀ ρ ∈ R
Â±_uv_l









(gn+1, v)H = H∗ < j















sn = un+1 − un
jsp
x
yn = gn+1 − gn
Z [_pq¦3_&{ns^,r]gtlm_
Hn+1 = Hn +
dn ⊗ dn
< dn, sn >H
−
Hn · sn ⊗Hn · sn
< Hn · sn, sn >H
X
·ùlm_~jYlmdonIpifnensr±ÆE¦3_&uv_l
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~muzlEdopBlm~vn x g{_ x ey '_p¶Bg 
=
Łjsp x dfu^ﬂj x _(nw«Tlv[]_ﬁ{ns^]d®­
pŁjYlvdfnspqns«lm[]_h{[js~mjI{lv_K~vdkuzlvdk{u^,_lv[n x ¦(dolv[juljwp x js~ x
½
p]dolv_­>_Kio_K^,_pBlﬁ«Áns~m^hgifjwlvdfnspÄ·§Z [_^ﬂjwdfp














χ(τ ; t, x) = u(τ, χ(τ ; t, x)), τ ∈ [0, t]





χ(τ ; t, x) = x +
∫ t
0
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(un, pn, gn)(x) = (u, p, g)(x, tn), x ∈ Ω¯
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u(τ, χ(τ ; t, x))|τ = ∂τu(τ, χ(τ ; t, x))|τ +∇u(τ, χ(τ ; t, x)) · u(τ, χ(τ ; t, x))
fns~






x _~mdo¨YjYlmdo¨I_ $' jI{µB¦ jw~ x ¹Ogio_K~¯uv{[_^,_ 	¥
d
dτ
u(τ, χ(τ ; t, x))|τ=tn+1 =































n+1 − ν∆un+1 +∇pn+1 = 1∆tu
n ◦ χn, Ω
div(un+1) = 0, Ω
un+1 = gn+1, Γcyl
σ(un+1, pn+1) · n = 0, Γout





















































































u(τ, χ(τ ; t, x))|τ=tn+1 =






χn1 = χ(tn; tn+1, x) = x−∆t(2u
n − un−1)(x)
























div(un+1) = 0, Ω
un+1 = gn+1, Γcyl
σ(un+1, pn+1) · n = 0, Γout




Â±_,^ﬂjªy<p]nwlm_lm[jYl-lm[]_,s_p_~jwi.«Áns~m^ nw«3lv[]_¾uv_K{nsp x ns~ x _~-uv{[_^,_,dfu-uvdo^,dfifjs~lmn/lv[]_ﬂnIp]_gŁuz_ x
«ÁnI~lm[]_
½
~muzl/nI~ x _~um{[]_K^$_I·»¯rjw~vl«ÁnI~v^ lm[]_±{ne_¾{df_pBlns«&lv[]_±^ﬂjsumu^ﬂjwlv~md®| jwp x lv[]_l¦n
uv_luEnw«Ä{[js~mjI{lm_~mdfuzlvdk{u.rjwlv[,p]__ x _ x lmn&rŁ_K~z«ÁnI~v^ lv[]_{ns^,r]g]lmjYlmdonIp,nw«#lv[]_¯~vdfs[BlO[jsp x uzd x _(«ÁnI~Elv[]_
uv_K{nsp x ns~ x _~H¥ªŁnslv[,¿jss~jwp]I_À-jwif_~mµedop«Áns~m^hg]ikjYlmdonIpu.^,jªy&T_(uznIio¨I_ x guzdfp]lv[]_(umjw^,_r]~vnt{_ x g]~m_s·
¯_¨I_~vlv[]_Kio_HuvuK¥tlv[_~vdfs[Blﬁ[jsp x uvd x _{ns^,r]g]lmjYlmdonIp/«Áns~(lm[]_uv_K{nsp x ns~ x _K~(dfu¯^hg{[q^,ns~m_{r]gqlmdo^,_
{nspuvg]^,dfp](lv[Łjwp-lv[_
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φ : Ω→ R / φ|K ∈ P
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 (Xh, Mh)











v ∈ (H1(Ω))d, v = 0
nIp


































h, vh), ∀ vh ∈ Vh








































∀ vh ∈ Vh














uzlmjsp x u$«Áns~¾jspºjsr]r]~mnª|tdo^ﬂjYlmdonIp¤ns«¯lv[_{[jw~js{lv_~mdkulmdf{¾«ÁnBnsl¾{ns^,dfp]±«Á~vnI^ rTnsdfpIl
x ∈
Ω
· ¹E|tdkulm_p{_±jsp x gp]df¶Bg]_Kp]_Kumu~v_Huzg]iolmunw«hlv[]_²uznIiog]lvdfnsp ns«hr]~mns]if_^ 
Ç
 	jwp x 
Ç
 	¾js~v_¦3_Kioi
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χnh(x) = x−∆t · u
n
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{ 	 x jwr]lmjYlmdo¨I_-js{µBlv~js{µedfp]Æ
¯uOuzlmjwlv_ x r~v_K¨BdfnsgŁuzifys¥wdolO^ﬂjªy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Â±_¯^ﬂjªyp]nY¦³{[jwp]I_ lv[]_r]~mns]if_^ {nIp
½
sg~mjwlvdfnspÄ·£p x __ x ¦3_{nspŁuzd x _~§lv[jwlOlv[_ﬁ´g]d x¾x nI^ﬂjwdfpﬂdfu
pn^,ns~m_
½





·Â_$_p x nY¦Ålm[]_,uzytuzlv_^6¦(dolv[±juzlvdk{µedop]ŁnIg]p x js~vy<{nIp x dolvdfnsp©jwl¯lm[]_h´Łg]d x ­ùuvnsifd x
dfpBlv_K~z«ÈjI{_s¥
























cos θ − sin θ


















∂tu +∇u · u− ν∆u +∇p = 0, Ω
f
t
div(u) = 0, Ωft
u = x˙s, Γst
σ(u, p) · n = 0, Γout
u = u∞, Γin
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ξ 7−→ x = Aτt (ξ)
uvg{[lv[jwl
Aτt (ξ) ∈ Γ
s




xf = Aτt (ξ)
«Áns~








T_ x _Huv{~vdfŁ_ x jIu«ÁnsifionY¦&¥
xf (ξ, t) = Ext(xs)(ξ, t), ∀ξ ∈ Ωf (τ),

















































+∇u(x, t) · wτ (x, t),
«ÁnI~














+∇u · (u− wτ )− ν∆u +∇p = 0, Ωft
div(u) = 0, Ωft
u = x˙s, Γst
σ(u, p) · n = 0, Γout
u = u∞, Γin
u(t = 0) = u0, Ω
>Y` 	



























































n+1 − ν∆un+1 +∇pn+1 = 1∆tu
n ◦ χnu−w, Ω
n+1
div(un+1) = 0, Ω
un+1 = wn+1, Γsn+1
σ(un+1, pn+1) · n = 0, Γout





χnu−w(x) = χ(tn; tn+1, x)
uljwp x u¯«Áns~-j{[Łjw~js{lm_~mdfuzlvdk{«Ánenwlnstljwdfp]_ x lm[]~mnsg]I[<lv[]_
{[jw~js{lv_K~vdkulmdf{©rjYlm[
χ(tn; tn+1, x)
¦([]dk{[ dkuq{ns^,r]g]lv_ x «Á~vnI^ 
ÇIÇ
	guzdfp]¬lv[]_±«ÁnIioifnY¦(dop
«Áns~m^hg]ikjw_ ifdop_Kjw~ x dfum{~m_lm_dfpBlv_K~vrTnsikjYlmdonIp 	Æ


















div(un+1) = 0, Ω
un+1 = wn+1, Γsn+1
σ(un+1, pn+1) · n = 0, Γout




χnu−w,1 = χ(tn; tn+1, x) = x−∆t(2(u
n − wn)− (un−1 − wn−1))(x)
χnu−w,2 = χ(tn−1; tn+1, x) = x− 2∆t(2(u
n − wn)− (un−1 − wn−1))(x)
  
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fns~-lm[jYlr]g~vrTnIuv_s¥5lm[]_ﬂnspioy x d ¾{gi®lydfu-lmn x d®É#_~m_pBlmdfjwlv_,lv[_,«ÁnsifionY¦(dfp]/lv_K~v^q¥Ädfpe¨snsif¨s_ x dfp±lv[]_










































































































































− (qn+1, div vh) =
1
∆t
[(znh (δg) ◦ χ
u,n




h (g)) · z
n
h(δg), vh)] , ∀vh ∈ Vh
(
div zn+1h , qh
)






zn+1 = 0, Γin
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δχi+1 = δχi −∆ti · δz(χi)−∆ti · (∇z(χi) · δχi) ,













































δχn1,h = −∆t0 · z
n















− (qn+1, div vh) =
1
∆t
[(znh (δg) ◦ χ
u,n




h (g)) · δχ
n
h, vh)] , ∀vh ∈ Vh
(
div zn+1h , qh
)






zn+1 = 0, Γin
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χi+1 = χi(z)−∆ti(z) · z(χi),



















































































































































a∗ = (a1, a2)
-~2
(a⊥)∗ = (−a2, a1) £







































































e ∈ R2 \










































































































































































OP = OM +
(
(MA ∧ a) · b



















(MA ∧ a) · b
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

c(1, 1) c(1, 2) c(1, 3) c(1, 4)
c(2, 1) c(2, 2) c(2, 3) c(2, 4)
c(3, 1) c(3, 2) c(3, 3) c(3, 4)
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 c(1, 1)− c(1, 4) c(1, 2)− c(1, 4) c(1, 3)− c(1, 4)c(2, 1)− c(2, 4) c(2, 2)− c(2, 4) c(2, 3)− c(2, 4)











 x1 − c(1, 4)x2 − c(2, 4)
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bj(x− ρe) = 0
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½
_Ki x nw«lv[]_&{[js~mjI{lm_~mdfuzlvdk{(«Ánenwl(jsumuvne{dfjwlv_ x lvn$lm[]_&j x jsrtlmjwlvdf¨s_js{µBlv~js{µedfp]
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h , vh), ∀ vh ∈ Vh



















































































(znh (δg) ◦ χ
u,n















div zn+1h , qh
)
= 0,






zn+1 = 0, Γin












































i,h ) · z
n
h − [(δρi) · z
n











· (δχu,ni,h ) · z
n





δχu,n1,h = − [(δρ0) · z
n
h ] · u
n
h(x)− ρ0 · z
n
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∂tz +∇u · z +∇z · u− ν∆z +∇q = 0, Ω
div z = 0, Ω
z = 0, Γs × (0, T )
σ(z, q) · n = 0, Γout
z = δg, Γin















χu(τ ; t, x) = u(τ, χu(τ ; t, x)), τ ∈ (0, t)






































Z [_ikjsuzl3nIrŁ_K~mjwlvns~dkuOlm[]_-µs_y,r]~mnsio_K^»dfplv[]_ x _~mdf¨ªjwlvdfnsp¾ns«_¾{do_KpIl(jwrr]~vnª|tdf^ﬂjYlvdfnsp¾um{[]_K^$_¯«Áns~
lm[]_ﬂifdop]_Hjw~mdo¼K_ x ¯jª¨edf_~v­£bBlmnsµI_Ku-uzytuzlv_K^/¥.uzdfp{_ x _rT_p x dop]<nIp±lv[]_¾uvdoIpjwp x lv[]_uzdf¼_,nw«
∇u
¥lv[dfu

















































h , vh), ∀ vh ∈ Vh
(div zn+1h , qh) = 0, ∀ qh ∈ Qh
zn+1h = Πh(δg
n+1), Γs
zn+1h = 0, Γin
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£plv[dfuEuv_K{lvdfnspÄ¥Y¦_ x _Kum{~mdoT_(uznI^$_ x _lmjwdfiku.jsŁnIgtllv[]_ df^,r]io_K^,_pBlmjwlvdfnsphns«lm[]_ ¦([]nsif_3nIrtlvdf^,do¼HjYlmdonIp
uzlv~mg{lvg]~m_s¥Odfp{iog x dop]lv[_qjª¨edo_K~z­bBlvnIµs_Huhuvnsif¨s_~uK¥lm[]_qnsrtlmdo^,df¼Kjwlvdfnsp¤~mnsg]lvdfp]_Ku$jwp x lv[]_qrjs~mjsioif_i
x do~m_K{l ^,n x _uzlv~jYlm_sy,«ÁnI~ lv[]_&I~mj x df_pBl {ns^,r]gtljYlmdonIpÄ·
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AhUh + BhPh = Fh
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{ns^,r]if_|tdoly¾nw«jpnspt­ùiodfp]_Hjw~ﬁjwp x ifdop_Kjw~mdf¼_ x ´nY¦¤nsdfpIlﬁ{ns^,r]gtljYlvdfnsp·
  
'§ﬃﬃ 1&	9ﬃ(h 3h q+	-h
£plv[]dku,uz_H{lvdfnsp¥E¦3_/uz[jsioijwpjsioytuv_ﬂlv[_/jI{{g~mjI{y²jwp x {nspuvdkulm_p{yns«(lv[]_ x dkuv{~v_lv_I~mj x df_pBlhdfp
uvns^,_-uzdf^,r]if_´Łg]d x ´nY¦Q{nsp
½
sg]~jYlmdonIpuK¥Ipjs^,_ify,lv[]_-}nsdkuz_Kg]dfioif_&jwp x lv[]_ x ~mdf¨s_p/{jª¨edoly,´nY¦&· f]ns~
Tnwlm[{Kjsuv_KuK¥T¦_{ns^,rjs~v_nIg]~ x dfum{~m_lm_I~mj x df_pBlﬁlvnlv[_ x doÉ#_~m_pBlvdkjwiE¶Bg]nwlmdo_KpBljwrr]~vnª|tdf^ﬂjYlvdfnsp<ns«
lm[]_&s~j x do_KpIlH·
 !  %     %&ﬀ  %
¿_lgu
½
~ulh{nspuvd x _~jwp²nIrŁ_Kp~v_H{lmjsp]sgifjs~´Łg]d xx ns^ﬂjwdfpÄ¥¦([_~m_ﬂ¦3_ﬂdf^,rŁnBuz_ﬂrjs~mjsŁnIiodk{$dop]´nY¦





∂tu +∇u · u− ν∆u +∇p = 0, Ω
div(u) = 0, Ω
u(ρ, x, t) = 4ρ(t)x(h− x)/h2, Γin
σ(u, p) · n = 0, Γout























∂tz +∇u · z +∇z · u− ν∆z +∇q = 0, Ω× (0, T )
div(z) = 0, Ω× (0, T )
σ(z, q) · n = 0, Γout × (0, T )
z = 4δρx(h− x)/h2, Γin × (0, T )




¿doµI_lv[]_&p]nIpt­ùiodfp]_Kjs~ _K¶BgjYlmdonIp ?I 	¥]jwp/_|]jI{lﬁuznIiog]lvdfnsp/nw« È
=
	3dfuﬁjª¨Yjsdoikjw]if_$Æ
z(x, t) = 4δρx(h− x)/h2


























































£p¤ns~ x _~hlvnjsr]r]ify±lv[]_q{nIpYg]Ijwlv_¾I~mj x df_pBljwifsnI~vdolv[^ x _Huv{~vdfT_ x dfplm[]_r]~m_¨edfnsgu$uv_K{lmdonIpÄ¥¦3_


























































































































































      	
   
ρin ρout
    
ρlat
 	
   
f.doIg]~v_
Z
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f.df~muzl~ x _K~ﬁ¿À be
=
{n x _










































¥sjsp x ¦3_({ns^,rjw~m_lv[]_ x dfum{~m_lm_I~mj x df_pBlEnstljwdfp]_ x ey
lm[]_(ifdop]_Hjw~mdo¼K_ x uljYlm_ﬁ{ns^,r]g]lmjYlmdonIp¦(dolv[$lm[]_
½
p]dolv_ x d®É#_~m_p{_(s~j x df_pBl.«Áns~ x d®É#_~m_pBlOrT_~vlvg]~mjYlmdonIp
uzlv_KruK·(_Kuvg]iolmu&jw~m_hIdo¨I_peyMf.df·]·Ãﬁrlmn
δρ = 10−6
¥5lm[]_ifdfp]_Kjs~vdf¼_ x s~j x do_KpIldfu&{nspuvdfuzlv_KpBl
¦(dolv[hlv[]_
½
pd®lm_ x doÉ#_~m_p{_3I~mj x do_KpBlK·ùlEuv[]nY¦ﬁuÄlm[jYl¦_js~v_3dop x __ x uznIio¨edfp]ﬁlm[]_ _|]js{lifdop_Kjw~mdf¼KjYlmdonIp
ns« lv[]_ x dfum{~m_lm_¯jª¨edf_~v­£bBlmnsµI_Ku-uzytuzlv_K^/¥¦([]dk{[sgŁjw~jwpBlv_K_Ku-j{nIpuvdfuzlv_KpIl$jwr]r]~mnª|tdo^ﬂjwlvdfnsp±nw« lv[]_
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uvg]#{yt{ifdfp]ﬂjs{µBlm~mjI{µBdfp]$jwifsns~mdolv[]^




































Z.jwio_]Æﬂ3nBulh«Ág]p{lmdonIp¤jwp x d®lus~j x do_KpIl&«ÁnI~lm[]_
½
~uzljwp x uv_K{nsp x nI~ x _~h¿jws~jwps_­À-jwif_~mµedop
^,_lv[]n x u
e ﬃ> 4[
Ð Ë B8V] t;B8V Ë ¡<E Ë ¡;OPB
AGF





c Ï ¡ Ë Ð 
 Ë
Â±_ﬂuz[ŁjwifiErŁ_K~z«ÁnI~v^ uvdf^$dfikjw~lv_Hulu&guvdop]qnIg]~w¸»lv_Hulh{n x _,¦(d®lm[
½
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Ï$S ﬁE Ë c Ï ( Ë 
¿_l
Ω = [0, 1]× [0, 1]× [0, 0.1]






∂tu +∇u · u− ν∆u +∇p = 0, Ω× (0, T )
div(u) = 0, Ω× (0, T )
u(., t) = ρ(t)x(1 − x), Γ1 × (0, T )
u(., t) = 0. Γ2 × (0, T )
?s 	
¦(dolv[
Γ1 = (x, y = 1, z)
¥
Γ2 = ∂Ω−Γ1
·£pnI~ x _~lvn&jI{{_Kio_K~mjwlv_ x {nIpe¨s_~ms_Kp{_I¥
(u0, p0) = (u(t =
0), p(t = 0))
jw~m_dfp]dolvdkjwifdo¼K_ x ¦(d®lm[/lv[]_uvnsifgtlvdfnsp/nw«.lv[_{ns~m~m_KuvrŁnIp x dfp]$bBlmnsµI_Ku´nY¦ Æ


−ν∆u0 +∇p0 = 0, Ω× (0, T )
div(u0) = 0, Ω× (0, T )
u(., t = 0) = ρx(1− x), Γ1 × (0, T )
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rŁjYlv[Łu·¯¸_K{~v_Hjsuvdop,lv[]_hlvdf^$_$ulm_r[Łjsu(lm[]_h_ÉT_H{lnw«O~m_ x g{dopﬂlv[]_peg]^hT_~nw«OdfpIlm_~uz_H{lmdonIp/¦(dolv[







¥Blv[dfu(jIuzye^,rtlvnslvdk{¯ifdf^$dolﬁdku nw«nI~ x _~
10−4
¦([]dk{[dku(ulmdoifi5g]pumjYlmdfuz«Èjs{lvnI~vy




iodfp]_Hjw~mdo¼K_ x {n x _[jsu
rTnens~-peg]^,_~mdf{KjwiEr]~mnsrT_~vlvdf_Ku-jsp x dol¦ jsur]~m_ x dk{lm_ x Bylv[]_$lv[_ns~mys·$£p±lv[]_ﬂuv_K¶Bg]_Ki?¥Ä¦_ﬂuz[ŁjwifiEguz_
nIg]~¯w¸U~m_Kuv_Kjs~m{[/{n x _&jwp x jª¨Insd x lv[_&guz_&ns«lm[]_j x jsrtlmjwlvdf¨s_-jI{µIlm~mjI{µedop]$uv{[_^,_s·
e  D I \


























































Ω = [0, 1] × [0, 1]
¦(d®lm[
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f.df~muzlﬁns~ x _K~ um{[]_K^$_























































































































































































_K~ 3nBul 3nIuzl I~mj
x
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f.do~uzl~ x _K~(¿À























· Is t· s
Ç
be_H{nIp x ~ x _K~ﬁ¿À





























Æ(3nBul¯«Ág]p{lmdonIp©jwp x {nIuzlﬁ«Ág]pŁ{lvdfnsp<I~mj x df_pBl(«Áns~¯lv[]_
½











































































































































































be_H{nIp x ~ x _K~ﬁ¿À
l uzriodol































{ f¿³peg]^hT_~u&~jwp]I_ Èuv__ 
=2=
3«Áns~hdfpuzlmjsp{_ 	·q¯uhjq~m_Kuvg]iolK¥«Áns~
lm[]dku§~jwp]I_ﬁnw«E f.¿©peg]^hT_~u¥enBuv{doififjwlvdfnspu§^ﬂjªy$jsr]rŁ_Hjw~ jwp x r]~vn x gŁ{_¯peg]^,_K~vdk{jsirTnsifiogtlmdonIpdfpuvd x _
lm[]_{nI^,r]gtlmjwlvdfnsp/nw«lv[]_{nIuzl«Ágp{lmdonIpjwp x d®lu(s~j x do_KpIlH·
f.dfpjwififys¥tdol dku {nI^$^,nIp]ioy¾j x ^,d®lvlv_ x lm[jYl lv[_-¿.Àum{[]_^,_dfu pnwl _¾{df_pBl(¦([]_p/guvdop$uv^ﬂjwifiŁlmdo^,_




















































































































































































































































ZnwlK·OZ df^,_ 3[js~K·EZ df^$_   ﬁ_KuK·Z df^,_
X


































































































































































l uvr]ifd®l = 5
sdf¨s_Hulv[]_¯¦3nI~muzlO~v_Huzgi®lu¥BuzrT_K{dfjsioify
«ÁnI~
10−6 ≤ δρ ≤ 10−3
·plv[]_${nspBlm~mjs~vyI¥
l uvr]iodol = 20
jwp
x
l uzriodol = 30
«Ág~vp]dkuv[uvdo^,dfifjs~¯¨Yjwifg]_KuK¥
uvifdoI[Ilmioy&if_KumuEjs{K{g]~jYlm_Olm[jwp$lv[_~m_«Á_K~v_Kp{_ uvr]iodolzlmdoprŁjw~jw^,_lm_~





















































l uvr]ifd®l = 10
jsp
x
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be_H{nIp x ~ x _K~ﬁ¿À
l uzriodol


























Z []_3uvg]#{yt{ifdfp]¯jI{µBlv~js{µedop^,_lv[]n x T_[Łjª¨s_Ku¦3_Kiois«Áns~lv[]_{nI^$rgtlmjwlvdfnspns«Blm[]_iodfp]_Kjs~vdf¼_ x
uljYlm_3«ÁnI~.lv[]_ x ~mdf¨s_p${jª¨edolys·Z [dfu.dkuEjInen x rŁnIdopBlOuvdop{_§lm[]dku´nY¦«Á_HjYlvg~v_Hu.uvns^,_p]nsp]­>ifdop_Kjw~
jsuvrŁ_H{lulv[jwl(lv[]_&}nsdkuv_g]dfioif_´nY¦Å{nsp
½
sg]~jYlmdonIp x ne_Ku pnwl(lmjsµs_-dfpIlmnﬂjs{{nsg]pBlH·
























































































































































































































· ss` t· s
X
be_H{nIp x ~ x _K~ﬁ¿À





































































































































































































Z []_uv_K{nIp x ns~ x _~(¿À um{[]_^,_-dfu ¨I_~my¾g]puzlmjs]if_¦([_p<uz^ﬂjsioi#lmdo^,_uzlv_rŁu(jw~m_gŁuz_ x ·


jwµedfp]lm[]_&uz_H{nIp x ns~ x _K~um{[]_^,_uljw]if_~m_K¶Bg]df~m_KuElm[jYl ¦_guv_^$nI~v_-À-jwgumu3rŁnIdopBl«Áns~lv[]_
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£pºlm[]dfuuz_H{lmdonIpÄ¥3¦_uv[jwifiﬁjwr]rioy¬nsg]~¾nIrtlvdf^ﬂjwiﬁ{nspBlv~mnsiﬁuzlv~jYlm_sy¤dopns~ x _K~,lvn~m_ x g{_qlv[]_ x ~mjs
dfp x gŁ{_ x eyj/´Łg]d x ´nY¦ jw~mnsgp x jq~mnwljYlmdop]<{yBifdfp x _~H·Z []_¾{nspBlv~mnsiErŁjw~jw^,_lm_~-dfu&lv[]_jsp]sgifjs~
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∂tu +∇u · u− ν∆u +∇p = 0, Ω× (0, T )
div(u) = 0, Ω× (0, T )
u = g, Γcyl × (0, T )
σ(u, p) · n = 0, Γout × (0, T )
u = u∞, Γin × (0, T )














































τ1(x, y) = −y,










g = ω(t) τ
¦(d®lm[
ω(t)







¦(doifiÄT_ x _Kum{~mdfŁ_ x ikjYlm_~(nsp·
Â±_ x _
½






























uljwp x u«Áns~ lv[_-«Á~v_H¶Ig_p{y¾nw«.lv[]_&¨Ins~vlv_|uz[]_ x]x dfp]·















































































g1(x, y, t) = −ρ · sin(2piSet) y
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£p³nI~ x _~H¥ lvnrT_~v«Áns~m^ jsp³nsrtlmdo^,df¼Kjwlvdfnsp³r]~mnt{_ x g]~v_jsu x _Kum{~mdoT_ x dfp uv_K{lmdonIp 
Ç
	¥(¦_p]__ x lvn





































∂tz +∇u · z +∇z · u− ν∆z +∇q = 0, Ω






σ(z, q) · n = 0, Γout
z = 0, Γin
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rho = 4.0 , S
e
 = 0.9





















































∂tu +∇u · u− ν∆u +∇p = 0, Ω× (0, T )
div(u) = 0, Ω× (0, T )
u = 0, Γs × (0, T )
σ(u, p) · n = 0, Γout × (0, T )
u = u∞, Γin × (0, T )






















































rho = 4.0, S
e
 = 0.9
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σ(u, p) · n dΓ
)
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S = fld/u∞ = 0.105
·
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ud∞ = 1+ ρ
d sin(2piSde t)
¦(dolv[















u∞ = 1 + ρ sin(2piSet)
· Z []_<dfp]dolvdkjwiﬁIg]_Kumu,¦jIu,uz_lﬂlvn
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(Ad, fd) = (0.2, 0.5)
·Â_&¦ns~mµﬂ¦(d®lm[<jdfpt´nY¦Q{nIpIlm~vnIi#dopBlv_Ks~jYlmdop],r][Łjsuv_-{nspBlv~mnsi>¥

















































































































































































































































+∇u · (u− wτ )− ν∆u +∇p, Ωft
div(u) = 0, Ωft
u = x˙s, Γst
σ(u, p) · n = 0, Γout
u = u∞, Γin
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σ(u, p) · n dΓ
)
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·OZ []dku({ne_ ﬂ{do_KpBl dkuK¥t«Áns~(dfpuzlmjwpŁ{_s¥elm[]_&dfpB¨I_~uz_nw«.lv[_df~(io_Kp]wlm[Ä¥]d>· _IÆ
κij =
1√





+ ﬂ6(!#ﬂ 		 	
 +	27-































































































δ0i = 0, ∀i ∈ Γ∞
δ0i = xi(t
2)− xi(t
1), ∀i ∈ Γh
δ0i = δ
p
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h , vh), ∀ vh ∈ V
n+1
h
















































































(u, p) · δu∞
·°Z []dku©{KjwpT_
x
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div zn+1h , qh
)
= 0, ∀ q ∈ Qn+1h








































i,h ) · δχ
n
i,h,
δχn1,h = −∆t0 · z
n
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(ρ0, S0e ) = (0.15, 0.15)
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x _Kum{~mdoT_ x ey/lv[_$jª¨Bdf_~v­bBlvnIµs_Kuﬁ_K¶BgjYlmdonIpudop
½




Â_[jª¨s_dopBlv~mn x g{_ x j x dfum{~m_lm_¾iodfp]_Hjw~mdo¼K_ x um{[]_^,_Kujsumuznt{dfjwlv_ x lmn
½
~ul$jwp x uv_K{nsp x nI~z­
x _~-¿jss~jwp]I_­À-jwif_~mµedop x dkuv{~v_lv_um{[]_K^$_h«Áns~lv[]_$¯jª¨edf_~v­£bBlmnsµI_Kuﬁuvytulm_^q·Z [_r]~mnsrT_~vlvdf_Ku
nw« lv[dfu&ifdfp]_Kjs~vdf¼_ x um{[]_K^$_ﬂ[doI[]ioy x _rT_p x nsp±lv[]_¾lyBrT_ﬂnw«(jI{µBlv~js{µedopr]~mnt{_ x g]~m_$gŁuz_ x
lvn{ns^,r]gtlm_,lv[]_{[Łjw~js{lm_~mdfuzlvdk{rjYlm[u&dfpB¨Insif¨s_ x dfp²lv[]_¾¿jws~jwps_­À-jwif_~mµedop©^$_lv[]n x ·Â_
[jª¨s_¾uv[]nY¦(p±lv[ŁjYlhguvdfp]©jwpj x jwr]lmjYlmdo¨I_,js{µBlv~js{µedfp]qr]~mne{_ x g~v_,dfp{ifg x dfp]jqr~vns_K{lmdonIp
nspuvdo^,r]if_|quzd x _Hu¯jwifnsp$¨I_ifnt{dolvdf_Ku(if_Kj x u(lmn¾j,p]nspt­ x doÉT_K~v_KpBlvdkjw]if_uzytuzlv_K^/· Z []dkuﬁ~m_Kuvg]iol¯[jsu
Ł_K_pºpeg]^,_~mdf{Kjwifioydfioifguzlv~jYlm_ x gŁuzdfp]lv[]_<{n x _qbt
=
¦([]dk{[ºdfu$jIuz_ x nsp¤lv[]_<j x jwrtljYlmdo¨I_
js{µBlm~mjI{µBdfp]r]~vnt{_ x g]~m_s·1f]g~zlm[]_~m^,ns~m_s¥5¦_$[Łjª¨s_,uz[]nY¦(p©lv[jwlguvdop]qjquzgT{ye{iodfp]qjI{µI­
lv~js{µedfp]Iu,r]~mnt{_ x g]~m_/if_Kj x u,lmn x d®É#_~m_pBlmdfjs]io_<r~vnI]io_K^ﬂu¾jwp x lm[]dfu¾[jsuﬂT__Kp³peg]^,_~mdf{Kjwifioy
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{Kjwp/Ł_&gŁuz_ x jwl(lv[]_umjw^,_lvdf^,_s·
¯Ijsdop,¦_ﬁ^ﬂjªyh_^,r][Łjsuvdo¼K_ lv[]_(«ÈjI{lOlm[jYl3nsg]~§jsdo^»¦ jsulmn¨Yjwifd x jwlv_ lm[]_ﬁguv_ﬁnw«Ä¿jws~jwps_­À-jwif_~mµedop
jsioIns~md®lm[]^ﬂuO¦([]dfif_{nIpuvd x _K~vdfp]nIrtlvdf^ﬂjwi#{nIpIlm~vnIir]~mnsio_K^,uK·Z []dfu3[jIu§T__Kp x nIp]_¯guvdfp]&lv[_ x df~m_K{l
^,n x _jsr]r]~mnIjs{[·.Â±_hjs~v_&jwif~m_Kj x y¾¦3nI~vµedfp]$nsp/lv[]_j x nsdfpBlﬁjsuv_ x «ÁnI~v^g]ifjwlvdfnspu
Ç<Z
.¦([]dk{[/^ﬂjªy
~m_r~v_Huz_KpIl(j x __Krqdo^,r]~mnY¨s_K^$_KpBlns«lm[]dfuﬁ¦3nI~vµ¾jIu«Èjw~ﬁjsu _ ¾{df_p{y¾dfu({nsp{_~mp]_ x ·
f.dfpjwififys¥.¦3_ﬂuv[jwifiOrTnsdfpIlnsgtl&lm[jYllm[]_ﬂd x _pBlvd
½
{KjYlvdfnsp²r]~mnsio_K^ ¦ jsu-ns~mdfsdfpjwifioy x _KuvdoIp]_ x «ÁnI~&lv[]_
´Łg]d x ­ùuzlv~mg{lmg]~m_dfpBlv_~js{lvdfnspr~vnI]io_K^ jsu x _Kum{~mdfŁ_ x dfp
=
`ù·fgtlvg]~m_,¦3nI~vµtu^ﬂjªyq{nsp{_pBlv~jYlm_hnIp
nIrtlvdf^ﬂjwiE{nIpBlv~mnsi.r]~vnI]if_^ﬂuﬁ«ÁnI~lv[]_$«Ág]ifiO{nIg]r]if_ x r~vnI]io_K^ﬂu¯guvdfp]lm[]_$´g]d x ­£ulm~vg{lvg]~m_$iodfp]_Kjs~vdf¼_ x
uvytulm_^ ¦([]nBuz_<uzlv~mg{lmg]~m_[jIu$Ł_K_pº_Kuzlmjwiodkuz[_ x dop 
Ç
=
ù·¬Â±_q¦(doifiﬁjwikuzn x _Hjwi(¦(dolv[¬lv[]_<j x nsdfpIl













 f·#ﬁT_~ms_Kijwp x &·TZ_^ﬂjs^/·¯p©uvns^,_{nspBlv~mnsiÄr~vnI]io_K^ﬂuﬁdfpq´g]d x ^,_K{[jsp]df{Ku·
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ns~vlvdk{doly(_ x g{lmdonIpey
¸yepjw^,dk{ 'nsgp x jw~my¬({lvdfnspÄ·
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&À$·Gf]nIg]~v_Hulm_yI·/bBljw]dfiodol x _Ku&^lv[]n x _Hu x _¿jwI~mjsp]s_­£À-jsio_K~vµedfp x gr]~m_^,do_K~_l x guz_H{nIp x
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&À$·f]nIg]~m_Kuzlv_y/jwp x ·T<nsgjs{[]df~H· x dfum{~m_lm_j x nIdopBlﬁ«ÁnI~v^g]ifjwlvdfnsp/«Áns~ﬁlv[]_hjª¨edo_K~z­bBlvnIµs_Hu










x _rT_p x _KpBluznIio_Kp]nsd x jsi¨I_K{lvns~
½
_i x u<jwp x lm[]_df~©jwrr]iodk{jwlvdfnspuK·
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{nspBlv~mnsi jwp x uzlmjwdoifdo¼HjYlmdonIpnw«j x ¨s_H{lmdonIpt­ x d®É#guvdonIp¤uzytuzlv_K^,uKÆ¯r]r]ifdf{KjYlvdfnsp¤lvn±¨edfum{nIgu x ~mjs
~m_ x g{lmdonIpÄ·
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ns^,_Kum{g¥O· c¯jª¨InspÄ¥3jwp x .·E¿Äd>·ºbeg]rr]~v_Huzdfnsp¤nw«¨Ins~vlv_|uv[]_ x]x dfp]©«ÁnI~$´nY¦ jw~mnsgp x
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-¸·ð¿dog²jwp x  Ł·ﬁnt{_ x jwi>·¾p©lm[]_,iodf^,d®lm_ x ^,_^,ns~my ' fÀ&b©^,_lv[n x «Áns~&ikjw~ms_,um{jwif_$nsrtlmd®­
^,df¼KjwlvdfnspÄ·















-h·Ijs~vgnsµYj]¥s·sjw~mdfpÄ¥sjwp x · &jª¦ jw[js~mj·]r]lvdf^,jsi{nIpBlv~mnsitdfp,jª¨edo_K~z­bBlvnIµs_Hu_H¶BgjYlmdonIpu·
6%ﬂ6!	ﬃ	   + !	    + %	ﬃ 	

































ﬂ!ﬃ 	9	 	 <(! (  ﬀﬂ6(ﬂ	 : $ﬁ  64ﬂ)(6






































 +:2ﬂ 1	7 6
	ﬃ*6+ﬂ ﬂ 	2 ,'
	ﬃ +  6!ﬃ*+ﬂ,:2ﬂ,*6+ﬂ4*+ﬂ!(G    
6









































!%ﬂ	ﬀ<ﬂ Mﬂ879;:<( 6 (	(ﬂ 0  ﬂ	 " <(%ﬂ(
· [BlzlmrÄÆ Y2Yª¦(¦(¦ ­
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